Purpose The aim of the study was to evaluate the efficacy of an injectable and partly absorbable calcium bone cement (CERAMENT TM , Bone Support, Sweden) in the treatment of osteoporotic or traumatic vertebral fractures by percutaneous vertebroplasty. Methods From March 2009 to October 2010 an open, prospective study in two centres was performed. 33 patients with symptomatic vertebral fractures were enrolled. Patients were included based on evaluation by X-ray, CT, and MRI. Clinical evaluation by Visual Analogue Scale (VAS, 0-10) and Oswestry Disability index test (ODI, 0-100 %) was performed before the operation as well as 1, 6 and 12 months after the procedure. Radiology assessment post-procedure was carried out by X-ray, CT, and MRI at 1, 6 and 12 months post-op. Intake of analgesic medications pre-and post-procedure was monitored. Results 66 vertebral bodies underwent percutaneous vertebroplasty. VAS score demonstrated a significant decrease from 8.61 (SD 19.8) pre-operatively to 2.48 (SD 2.36) at 1 month. The score was 2.76 (SD 2.68) at 6 months and 1.36 (SD 1.33) at the latest follow up. ODI score dropped significantly from 58.86 pre-op to 26.94 at 6 months and further down to 7.61 at 12 months. No refractures or adjacent level fractures were reported. Conclusion Data show that CERAMENT can be a substitute of PMMA in the treatment of osteoporotic and traumatic vertebral fractures, especially in young patients.
Introduction
Percutaneous vertebral body augmentation, using a minimally invasive procedure, has been used, for decades, for vertebral fracture pain management in patients where conservative treatments, such as analgesics, bed rest, and bracing had failed [1] [2] [3] .
Two different procedures have been developed to restore vertebral body stability and avoid further height compression: vertebroplasty (VP) where the fracture lines and cancellous bone are filled with injectable bone cement, and kyphoplasty (KP) where the created void and cancellous bone are filled with injectable bone cement [1, 4, 5] . Both procedures are today proven and accepted as standard of care for pain caused by compression fractures of the spine, such as traumatic non-osteoporotic vertebral fractures and traumatic compressive vertebral collapses, especially in younger patients [3, 6, 7] .
The bone cement most commonly used in the abovedescribed procedures is polymethylmethacrylate (PMMA), its proper function consisting stabilization of the fracture and increased strength of the collapsed vertebra [1] . The success of this material is based on immediate relief of pain and mechanical stabilization improving physical functions [3, 8] as well as low cost [9] . However, clinical trial results have exposed a high complication rate in percutaneous vertebroplasty with PMMA range from 1 to 10 % [10, 11] , highlighting potential weaknesses such as thermal injury to surrounding tissues, potentially causing neurological damage, increasing fracture risk at adjacent levels due to the high inherent stiffness, and potential toxicity caused by the reactive material [2, 4, 9, 12] .
The optimal design for an ideal cement includes adequate mechanical support, good radiopacity, injectability, biocompatibility and bioactivity [8, 9] . New injectable materials such as calcium-phosphate (CaP), bioactive glass and calcium-sulphate cement (CaS) are being developed, and they seem suitable for vertebral stabilization and augmentation in younger patients [9, 12, 13] . However, these materials have poor injectability, poor handling, lower viscosity and/or too fast absorption [9, 12, 14] . To bypass these drawbacks, a new kind of biphasic cement has been developed consisting of 60 % a-CaS hemihydrates and 40 % hydroxyapatite (HA) [2, 4] , marked as CERA-MENT Spine Support (CSS) (Bone Support, Sweden). This product allows delayed absorbable of the CaS and controlled bone in-growth by osteoconductivity of the HA.
The aim of this study was to investigate safety and efficacy in percutaneous vertebroplasty performed with CSS as an alternative to PMMA [15, 16] .
Methods
Thirty-three patients were enrolled from March to October 2009. Inclusion criteria were historical and clinical evidence of symptomatic compressive spine fracture caused by osteoporosis and trauma, confirmed by radiological signs of spine fracture based on X-ray and MRI (T1, T2 fat sat); moreover, patients had previously been examined with CT scan. Only fracture type A1-A3 (AO classification) was included. Only patients with a clear correlation between affected vertebral and symptoms were included.
Exclusion criteria included patients affected by neurological deficits, complete burst fracture, retropulsion of fracture fragment, concomitant local tumour, anaphylaxis reaction history, acute infection, coagulation disorders such bleeding disease or anticoagulant medication intake.
All treatments were administered on an outpatient surgery basis. Written informed consent was obtained from all patients. Pre-operatively, all patients received appropriate analgesic medication and a prophylactic broad-spectrum antibiotic.
All patients received local analgesia into the skin, subcutaneous tissues and the periosteum, and treatments were carried out with patients in the prone position on the fluoroscopy table with the upper part of the body slightly elevated. The vertebroplasty procedures were performed with unilateral trans-pedicular vertebral approach under fluoroscopic guidance with lateral and oblique views (Figs. 1, 2) . A 10-13 Gauge needle was introduced into the vertebral pedicle through a small skin incision, one for each level. CSS (Bone Support; Sweden) was prepared; this is a composite material based on two phases, consisting of 60 % calcium sulphate a-hemihydrate and 40 % hydroxyapatite, mixed together with iohexol 300 mg/ml in water to a viscous past. CSS was then instilled under close imaging guidance until the anterior two-thirds of the vertebral body were filled and cement was equally distributed inside the bone.
Following the procedure, patients require bed rest for 2 h before mobilization, and they were discharged the same day. CT scan was carried out post-procedure to assess intra-osseous cement distribution and signs of any cement leakages (Fig. 3) .
Clinical outcome was to quantify using VAS score (0-100) and ODI questionnaire based on the self-administered score, and was performed before the operation as well as 1, 6 and 12 months after the procedure. Radiology assessment post-procedure was carried out by X-ray, CT, and MRI at 1, 6 and 12 months post-op (Figs. 4, 5, 6, 7, 8,  9 ). Intake of analgesic medications pre-and post-procedure was also registered (Fig. 10) .
Statistical methodology
Data are presented using as average, standard deviation, and t test at baseline as well as during follow-up at 1, 6, 12 months. Statistical significance was accepted as significant at P \ 0.001.
Results
Thirty-three patients were enrolled from March to October 2009 (6 males and 27 females, aged between 29 and 84, average age 59 years), totally 66 vertebral body underwent percutaneous vertebroplasty. The mean volume of CSS injected was 3 ml (SD 0.35) ( Table 1) . 86 % of the patients were affected by osteoporotic fractures (85 % female, 29 % male), and 27 % of the patients were affected by non-osteoporotic fractures (15 % female, 71 % male). The procedure was performed at a mean of 30 days after injury.
An overall amount treated was 55 levels for women and 11 levels for men with the distribution peak of prevalence at D7, D8 and L1 (12, 10, 12 %), respectively.
The type of fracture (AO Classification system) was gathered as follows: A1.1 (18 %), A1.2 (21 %) and A1.3 (61 %).
At CT scan post-procedure no cement leakage into the spinal canal or into discal space was observed (Fig. 3) .
At X-ray check 12 months after procedure shows no evidence of the bone cement into vertebral bodies (Fig. 7) . Mean CERAMENT injected (ml) 3 3 At the CT control, starting already after 1 month, we found a good distribution of the bone cement, partial reabsorption and visible new bone formation.
MRI examinations after 1, 6 and 12 months did not show expected signals of vertebral body oedema, confirming fracture stabilization and excluding re-fracture (Figs. 6, 9) .
The VAS pain trend demonstrated a decrease over time from a mean of 8.4 (SD 2.02) pre-operatively, to 2.4 (SD 2.36) at 1 month and 2.3 (SD 2.68) at 6 months and 2.7 (SD 1.33) at the latest follow up (Fig. 11) .
Quality assessment by ODI scoring over the follow-up also reported a statistically clear improvement of functional conditions in terms of reduction in pain intensity and of quality of life comparing to baseline data starting from 50.6 % (SD 14.82) dropping to 20.6 % (SD 11.53) after 12 months (Fig. 12) .
Both cases showed significant levels with P \ 0.0005 (Figs. 1, 2) . Neither periprocedural as long-term clinical complication nor any infections resulting from the procedure were noted. At the end of 1 year follow-up, no cases of adjacent fracture were reported.
Conclusion
The results of this work, according to our data, highlight that CERAMENT bone cement can be used as an ideal bone substitute in treatments of both osteoporotic and/or traumatic vertebral fracture.
As potential alternative the Cerement can be adopted instead of PMMA overlapping its well-know drawbacks.
Over 1 year of study demonstrated the own Cerement effectiveness in terms of vertebral stabilization and augmentation properties, bioactivity and reabsorbability, feasibility to inject and radio-opacity.
Other strengths could be seen as patients' short hospitalization and period of inactivity, better quality of life.
We reported total absence of complications, including new incidental adjacent fracture. 
